Synchronization of the circadian rhythm generator and the effects of glucagon on hypothalamic mouse neurons detected by acoustic wave propagation.
A thickness shear mode acoustic wave sensor has been used to study the reaction of clonal, immortalized hypothalamic murine neurons in response to glucagon and serum shock in a label free, continuous and real time manner under physiological conditions. Two cell lines were examined; these were the mHypoE-38s and the mHypoE-46s. The technique possesses sufficient sensitivity to detect minor neuronal changes and is capable of discerning subtle differences in cellular behaviors under both stimuli. The kinetics and magnitude of the changes observed here are significantly different compared to those instigated upon causing depolarization, cytoskeletal modifications and surface-adhesion specific interaction alterations with the same cells. Interestingly, this technique has the sensitivity and capability of observing all such changes at the neuronal level without the necessity for invasive interrogation. Under the influence of glucagon, the neurons display both short- and long-term changes, in particular the resonant frequency shifts by -23 ± 8 Hz (n = 13, std. dev.) and the motional resistance decays at a rate of approximately 10 Ω h(-1) over a 2 hour interval. The effect of synchronizing the neurons prior to glucagon stimulation did not influence the cellular changes observed. The process of partial and full synchronization of the cells resulted in different responses. For full synchronization, the addition of the serum bolus triggered resonant frequency and motional resistance shifts of +75 Hz and +18.5 Ω respectively, which decayed back to baseline levels after 30 minutes. The duration of this decay closely matched the time required for full synchronization in a separate study. The changes observed for partial synchronization were significantly different from full synchronization as the baseline levels in both resonant frequency and motional resistance were not re-achieved indicative of the cell-sensor system detecting the difference between full and partial synchronization. Preliminary qualitative immunocytochemistry and RT-PCR studies on these cells support the results obtained with the TSM sensor for the glucagon receptor study.